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Abstract
My thesis was devoted to the theoretical study of spin-dependence in hadron collisions involving polarized beams and polarized targets. The approach was empirical and model-independent and utilized the power and elegance of irreducible tensorial formalism. The specific collision processes considered were : pion production in NN collisions, np and Nd radiative capture and double pion production in pd collisions. Pion production in NN collisions, to which half of the thesis was devoted, is the basic inelasticity channel in NN collisions [1]. Further, studies on threshold pion production serve to probe the NN interaction at very short distances when the two nucleons start to overlap and their internal degrees of freedom come into effect. The high-precision measurements [2] of the total cross sections, at threshold, for pp ! pp?
 showed that the then existing theoretical model of Koltun and Rietan [3] underestimated the total cross section by as much as a factor of five. This triggered a flurry of activity on the theoretical side which in turn triggered experiments at the Polarized INternal Target EXperiments (PINTEX) [4] facility at IUCF, USA to measure spin-observables slightly above threshold, when higher partial-waves start to contribute and allow for a more incisive study of the theoretical models. The first measurements of the spin-correlation coefficients for ~p~p ! pp? [5] and ~p~p ! pn? + [6] at PINTEX for bombarding energies between 325 and 400 MeV have revealed that there are serious discrepancies between the experiments and the most successful theoretical model hitherto, viz., the J? ulich model [7]. To quote Meyer et al. [5], It is fair to say that there is little similarity between theoretical estimates and the data. Hanhart et al. [7] have recently remarked, As far as microscopic model calculations of the reaction NN ! NN? are concerned one has to concede that theory is definitely lagging behind the development on the experimental sector ... Furthermore they take into account only the lowest partial wave(s). Therefore it is not possible to confront those models with the wealth of experimental information available nowadays, specifically with differential cross sections and with spin-dependent observables. In this scenario, the model-independent approach developed in this thesis to discuss the recent experiments [5, 6, 8] on NN ! NN?, is indeed of topical interest. The irreducible formalism discussed in this thesis to-gether with invariance requirements, leads to a spin-structure of the T-matrix which is valid at all energies, for which exact partial-wave expansions were also obtained. Moreover, we defined channel-spin cross sections at the complete kinematical five-fold level itself and showed how they could be determined empirically from appropri-ate measurements employing a polarized beam and a polarized target. This is in contrast to the earlier theoretical work of Bilenky and Ryndin [9], which leads to expressions for the singlet and triplet total cross sections, which have been made use of in discussing the recent experiments [8]. Further, numerical estimates for the singlet and triplet differential cross sections using the data of [5, 6] were also given. Another important process considered in this thesis was Nd radiative capture on which polarized beam or po-larized target experiments have also been carried out at very low energies (in the keV regime) at TUNL, USA [10, 11]. The irreducible tensor formalism developed in this thesis, enabled us to draw attention to an interesting, but perhaps overlooked, aspect of these experimental studies viz., that a non-zero measurement (beyond experi-mental uncertainties) of the tensor analyzing power provides a clear signature for the participation of the quartet amplitudes, even if they are very small. Extending the existing experimental studies on the tensor analyzing powers [10] to different energies would enable one to identify the precise energy range, if any, for the validity of the no-quartet theorem [12]. Such a determination without any attendant atomic ambiguities could be impor-tant at low energies of interest to ?CF [13], where the conjectured no-quartet theorem [12] was followed by the Wolfenstein-Gerstein effect [14] which subsequently led to the Wolfenstein-Gerstein anomaly [15]. This thesis also demonstrates that it is, in fact, possible to determine individually the doublet and quartet differential cross sections (d?(si, mi))/(d ) themselves by measuring specific spin-observables associated with ~ N ~ d fusion. A problem of considerable interest to nuclear physics as well as astrophysics is the radiative capture of neutrons by protons. Recently [16] a measurement of the -anisotropy in polarized neutron capture by polarized proton targets has been reported. In this thesis, attention was drawn to the fact that by extending the experimental facilities of [16] on ~p(~n, )d to measure the spin-observables suggested by us, one can determine the channel-spin differential cross sections (d?s,m)/(d ) individually and hence study the fusion reaction more incisively at any given energy. We also presented in this thesis another reaction viz., pd ! 3 He ? + ?-, studied recently [17] using the MOMO facility at COSY, J? ulich to ascertain the dominance of p-wave ? + ?- pairs. The irreducible formalism developed for this reaction in this thesis showed clearly that the form assumed for the reaction matrix M in [17], indicates a clear dominance of the irreducible amplitude with rank  = 1, which can involve contributions from both the initial doublet and quartet channel-spin states. As before, a non-vanishing tensor analyzing power provides a clear signature for the participation of the initial quartet states. We also showed how under certain assumptions, conclusions can be drawn regarding the dominance of the quartet amplitudes with rank  = 1. Finally, we presented here a generalization of the irreducible tensor formalism to N-particle final states in colli-sions where the initial particles have arbitrary spins s1 and s2. Our discussion has validity at the differential level and it led, on integration with respect to the angles, to a generalization of the earlier results for total cross section of Bilenky and Ryndin [9] for s1 = s2 = 1/2. The formalism presented here may therefore be utilized to discuss polarized beam and polarized target experiments with arbitrary spins s1, s2 not only at the total cross section level, but also at the differential level. 


